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Introduction
In many instances of group consumption, it is natural to assume that group members care for each other. A prime example is the household consumption context, but there are many other joint decisions (e.g. between family members, friends, ...) for which the caring assumption is an obvious one. In the present paper, we propose a novel consumption model that allows for various degrees of caring between group members. It uses the Beckerian specification of caring preferences (which have also been referred to as altruistic preferences by Becker (1981) ). To model the decision process, we assume that there is noncooperative interaction between group members, which means that the intra-group decision process yields intra-group allocations that are Nash equilibria.
Noncooperation versus cooperation. The assumption of noncooperative intra-group interaction has strong theoretical appeal. In particular, any Nash equilibrium is stable in the sense that no group member can increase her/his utility by unilaterally changing her/his strategy. Moreover, using a backward induction argument, one can show that this stability property remains even if we allow for finitely repeated interaction.
The assumption of Nash equilibrium behavior is an obvious one in the context of multiperson group interaction. Particularly, it has been used for modeling the consumption behavior of multi-member households.
1 A common feature of these existing studies is that they exclude intra-group caring, i.e. the consumption allocation is a Nash equilibrium defined in terms of non-caring preferences. In a consumption setting with both privately and publicly consumed goods, this implies a Nash equilibrium with individuals voluntarily contributing to the public goods. It is well known that, in this case, the resulting level of public goods is generally below the Pareto efficient level.
However, this noncooperative approach also has some deficiencies. First of all, it is frequently unrealistic to assume that group members only care about their own wellbeing. This calls for including caring preferences. Second, group consumption behavior is often likely to overcome free-rider problems associated with public consumption -at least to some extent. Specifically, one may expect that repeated interaction and (nearly) perfect information increase the probability that household members develop welfare enhancing mechanisms to overrule such problems.
At the other extreme, the fully cooperative model assumes that group members reach a Pareto-optimal allocation, i.e. no group member can increase her/his utility without decreasing the utility of any other member. This has become the workhorse model for the empirical analysis of multi-member household behavior.
2 But the relevance of the 1 See, for example, Leuthold (1968) , Bourguignon (1984) , Ulph (1988) , Kooreman and Kapteyn (1990) , Browning (2000) , Chen and Woolley (2001) , Preston (2005, 2011 2 See, for example, Apps and Rees (1988) , Chiappori (1988 Chiappori ( , 1992 , Browning and Chiappori (1998) , Ekeland (2006, 2009) and Vermeulen (2007, 2011) . Following cooperative model has also been advocated in alternative settings of multi-member group consumption (such as committees, clubs, villages and other local organizations). 3 The premise of efficient behavior can be defended in three ways (see, for example, Browning and Chiappori (1998) ). First of all, under perfect information and with repeated interactions Pareto optimal allocations can be stable as long as all members are sufficiently patient. Second, the Pareto outcome is seen as a most natural generalization for multi-member groups of the assumption of utility maximization in a single agent context. Finally, Pareto efficiency is widely used as an assumption in cooperative bargaining models. 4 In this sense, Pareto optimality is a minimal condition that should be satisfied if the intra-group bargaining process is based on such a cooperative solution concept.
Although we largely agree with these arguments, we also believe that there remains scope for relaxing the efficiency condition. First of all, it is well known that, unless the Pareto optimal allocation exactly coincides with a Nash equilibrium, the cooperative Pareto efficient outcome is not self enforcing. In other words, there will usually be some group member(s) who can increase utility by unilaterally deviating from the Pareto optimal allocation. Second, even if we are in a situation with infinitely repeated interaction, the folk theorem shows that almost every allocation situated between the noncooperative Nash outcome and the Pareto efficient outcome could be stable. In other words, (infinitely) repeated interaction does not necessarily lead to efficient behavior. Finally, the Pareto efficiency assumption has been questioned for the publicly consumed goods. Most notably, it has been argued that the informational requirement and the resulting cost of implementing cooperation may often be unrealistic.
Summarizing, while the fully cooperative model might represent an overly optimistic outlook of group decision processes, we may also argue that the noncooperative model without caring is too pessimistic. Indeed, it appears to us that most group interactions are to be found somewhere between the cooperative and noncooperative benchmarks. In any event, these considerations make it relevant to assess how close the observed consumption behavior is to the fully cooperative benchmark, that is, to evaluate the degree of intra-group cooperation.
Noncooperation with caring. In the following sections, we will present a model of group consumption behavior that encompasses situations between the extreme cases of full cooperation and noncooperation without caring. Formally, our model is equivalent to a noncooperative model where group members have Beckerian caring preferences: each individual optimizes a function that is increasing in the utilities of all group members.
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In this set-up, we will derive specific testable restrictions for empirical data. Interestingly, we will also demonstrate that it is possible to empirically recover a measure for the degree Chiappori (1988 Chiappori ( , 1992 , the consumption literature often refers to the cooperative model as the 'collective' model of household behavior. 3 See, for example, Chiappori and Ekeland (2006) . 4 See Manser and Brown (1980) , McElroy and Horney (1981) and Lundberg and Pollak (1993) for applications of bargaining models in a household setting. 5 In this respect, it is also worth referring to Browning and Lechene (2001) , who adopt a similar approach to investigate the relationship between expenditures (on private and public goods) and the intra-group distribution of income. of intra-group cooperation which, as we will explain, actually captures caring within the group.
Thus, by introducing caring in the noncooperative framework, our model allows us to combine some attractive properties of the polar cooperative and noncooperative models. At the same time, it solves two main problems associated with these two benchmark models. First of all, as it is based on the concept of a noncooperative Nash equilibrium, it is self enforcing and, hence, stable. Second, by introducing caring between the group members, we depart from the assumption that these members are inherently egoistic (i.e. non-caring). Caring preferences allow for friendship, altruism, love and trust between group members. We believe this assumption to be much more realistic in many group decision situations, where these emotions often do play an important role.
At this point, two remarks are in order. First, it has been demonstrated by Chiappori (1992) that purely egoistic preferences are empirically indistinguishable from caring preferences in the fully cooperative model: the two specifications of individual preferences have exactly the same testable implications under the maintained assumption of Pareto efficient group consumption behavior. In turn, this implies that the caring model (relative to the egoistic model) does not have specific testable implications.
6 By contrast, as we will argue below, caring preferences do have specific testable implications under the assumption of noncooperative group consumption. As a matter of fact, we will show that it is possible to empirically distinguish a continuum of models characterized by varying degrees of intra-group caring.
Second, d'Aspremont and Dos Santos Ferreira (2014, 2017) provide an alternative group consumption model that is situated between the fully cooperative and the noncooperative model. A most important difference with our model is that these authors model 'semicooperative' behavior by parameterizing the trade-off between an individual budget constraint and the group budget constraint (which evaluates the public goods at Lindahl prices). By contrast, the distinguishing feature of our approach is that it combines caring preferences with noncooperative intra-group interaction for modeling the group decision behavior. As motivated above, we believe that accounting for caring preferences is often particularly relevant in the context of joint consumption decisions.
Other contributions. Our consumption model has a number of specific features that are particularly attractive from a theoretical and/or practical perspective. First of all, as indicated above, it allows us to define a measure of intra-group caring that can also be interpreted as quantifying the degree of within-group cooperation. Specifically, we show that it is possible to quantify and estimate the degree of caring within the group; and this gives us an operational measure for the magnitude of intra-group cooperation.
Another interesting feature of our model pertains to its dual representation. Specifically, we will show that the noncooperative model with caring preferences is dually equivalent to a noncooperative model with non-caring preferences that is characterized by intra-group transfers. In fact, the intra-group transfers in the dual model will be directly related to the above mentioned measure of intra-group cooperation. This duality result parallels the well-known duality between a Pareto optimal allocation and the Lindahl equilibrium, which is often used to provide a decentralized representation for the fully cooperative (Pareto efficient) model of group consumption. As such, we obtain a similar decentralized representation for our newly proposed model.
A further important aspect of our model relates to its empirical applicability. We will show that, although our newly proposed model generalizes the fully cooperative and noncooperative models, it does have useful testable implications for empirical data. To this end, we present a revealed preference characterization of the model in the tradition of Afriat (1967) and Varian (1982) : we derive necessary and sufficient conditions for the empirical validity of our model that can be checked by solely using a finite set of observed group consumption bundles and corresponding prices. Finally, we also demonstrate the practical usefulness of these revealed preference conditions by means of an empirical application, which analyzes decisions made by dyads of children in an experimental setting. We will observe considerable differences in the degree of cooperation across the dyads in our data set. By quantifying this variation by our measure of intra-group cooperation/caring, we can then relate it to observable dyad characteristics. It will appear that particularly the degree of assertiveness and intra-dyad friendship are positively correlated with cooperative behavior, whereas average social skills can not be linked to the degree of intra-group caring.
Outline. The rest of this paper unfolds as follows. Section 2 formally defines our theoretical model of noncooperative group consumption with caring individuals. Section 3 develops its dual (decentralized) representation. Section 4 introduces the testable revealed preference implications of our model. Section 5 presents our empirical application to dyads of children. Section 6 concludes.
A noncooperative model with caring preferences
We consider a group with two members, A and B. 8 The group decides over the purchase of a bundle of N private goods, denoted by q ∈ R N + , and a bundle of K intra-group public goods, denoted by Q ∈ R K + . We remark that this assumes that each good is either private (in q) or public (in Q). Further, it excludes externalities associated with privately consumed quantities. Importantly, however, our setting can actually account for such externalities. Specifically, if an individual is the exclusive consumer of a particular private good, then we can account for externalities for this good by formally treating it as a public good. Throughout, we will treat the first private good as a numeraire and we will assume that the consumption of the numeraire and all public goods is strictly positive in all group equilibria.
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In what follows, we will first formalize our assumptions regarding the preferences and the strategies of the group members. Subsequently, we will formally define and characterize the group equilibrium in terms of our model.
Preferences. Our analysis starts from a set of decision situations T . In each situation t, the group faces a price vector p t ∈ R N ++ for the private goods, a price vector P t ∈ R K ++ for the public goods, and a group income Y t ∈ R ++ . In addition, members A and B are endowed with situation-dependent concave and increasing (Beckerian) caring functions. We denote these functions by W An important feature of our model is that the caring functions W A t and W B t are situation-dependent. This is a natural assumption in a consumption framework with interacting individuals. Specifically, it reflects the idea that the degree of caring or altruism between group members might depend on several (situation-dependent) exogenous variables.
10 These exogenous variables come in two kinds. On the one hand, exogenous variables may influence the decision process within the group. In a household context, examples of such variables are the state of the marriage market, the state of the labor market, the specific divorce laws and the social attitudes to the roles of men and women within the household. On the other hand, exogenous variables may impact on the emotional state of the group members. Examples of such variables are the amounts of love, friendship, compassion and trust within the group. Both kinds of variables may have a strong influence on the shape of the caring functions. Taking the caring functions to be situation-dependent allows the model to adapt to a change in each of these (often unobserved) variables.
In what follows, we will make one additional assumption to facilitate our technical analysis. Specifically, we use a single crossing (SC) property:
We can relax this assumption by using suitable Lagrange multipliers, but this would only increase notational complexity without adding new insights. In fact, our own empirical application in Section 5 will consider data sets with some components of the public goods equal to zero. 10 Compare with the discussion in Browning, Chiappori and Lechene (2006) . These authors consider (situation-dependent) aggregation of preferences in a cooperative framework. In a household consumption context, the situation-specific exogenous variables are analogous to the so-called extra-environmental parameters in the terminology of McElroy and Horney (1981) 
It is standard in the literature on noncooperative group behavior to explicitly distinguish between A and B's contribution to the group's public consumption (for example, Preston (2005, 2011) , and d'Aspremont and Dos Santos Ferreira (2014) make similar distinctions). However, the fact that we allow A and B to buy private goods for each other may seem a bit unconventional. In most models (of noncooperative behavior) it is assumed that members only buy private goods for themselves, i.e. A chooses q (for M, L ∈ {A, B}, M = L) directly relates to the specificity of our model, i.e. it accounts for caring preferences in a noncooperative setting.
Let us explain this last point in some more detail. In a noncooperative model without caring preferences, it seems intuitive that individual members will not buy private goods for the other. By contrast, in the case of intra-group caring, one group member may well benefit from increasing the private consumption of the other member. Our distinction between q M,M t and q M,L t exactly takes this into account.
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Equilibrium. We will first introduce our new concept of group equilibrium in general terms. Subsequently, we will show that the concept encompasses the fully cooperative equilibrium and the noncooperative equilibrium without caring as limiting cases. This demonstrates the generality of our model. Furthermore, it will enable us to interpret our measure of intra-group caring as quantifying the degree of within-group cooperation, i.e. the measure allows us to distinguish between different consumption models characterized by different of degrees of cooperation.
We assume that in equilibrium both members maximize their caring functions given the decisions of the other members, i.e. we assume a noncooperative Nash equilibrium. More formally, at decision situation t, member A solves the following optimization problem (OP-A):
Similarly, B solves (OP-B):
An allocation that solves both problems simultaneously is called a group equilibrium with caring. 
Definition 1 An allocation {q
.
In words, the function value τ 
It follows from the proof of this proposition that the values of the indices θ , where all partial derivatives are evaluated at the allocation
In words, θ A t equals the ratio of member B's marginal valuation for a unit increase of the numeraire quantity for member A (which enters the caring function W B t through U A ) relative to his marginal valuation for the same increase of the numeraire quantity for his own (which enters W B t through U B ). Likewise, the variable θ B t equals the ratio of A's marginal valuation for a unit increase of the numeraire quantity for B relative to her marginal valuation for the same quantity increase for her own.
reduces to a noncooperative equilibrium without caring (i.e. a standard public good game with voluntary contributions). Our model is general in that it also captures all possible equilibrium situations between the fully cooperative equilibrium and the noncooperative equilibrium without caring.
Using the same two benchmark models, we can effectively interpret the indices θ Samuelson (1954) ). And, thus, we get for each public good k:
In words, the sum of the members' MWTP must sum to the market prices. This case coincides with θ We next turn to the noncooperative model. In this case we get the following equilibrium condition for every public good k:
see, for example, Cherchye, Demuynck and De Rock (2011). Thus, this case corresponds to θ . In this respect, we also note that max{θ
t , Q t ) > P t,k , which reveals Pareto inefficient behavior. As such, θ A t and θ B t also indicate the extent of Pareto (in)efficiency at each decision situation t.
As a final remark, we note that the values of θ As a specific illustration, we will consider such constant intra-group cooperation in our empirical application in Section 5.
A duality result
The second fundamental theorem of welfare economics provides one of the most important theoretical insights related to the concept of Pareto efficiency. Specifically, provided that some regularity conditions are satisfied, any Pareto optimal allocation can be dually characterized in terms of a suitable income distribution and by making use of individual Lindahl prices for the publicly consumed goods (see, for example, Bergstrom (1976) ). This dual characterization of Pareto optimality has often been used to provide a decentralized two-stage representation of the fully cooperative model of group consumption: in the first stage, the group divides the total income over the group members; in the second stage, each individual member chooses a consumption allocation that maximizes her/his utility subject to the personalized budget constraint defined in the first stage.
In this section, we will develop a similar duality result for the noncooperative model with caring preferences that we introduced above: we will show that this model is dually equivalent to a noncooperative model with non-caring preferences that is characterized by intra-group transfers. The magnitude of these transfers will be directly related to the MWTP functions τ 
Here, we abstract from explicitly modeling this first step. Similar to our treatment of caring functions in the previous section, this intra-group income distribution can be seen as a function of situation-dependent exogenous variables. The idea of an intra-group income distribution resembles the so-called 'sharing rule' concept that applies to the fully cooperative model: in the decentralized representation of this model, the sharing equally defines the within-group income distribution underlying the (in casu Pareto efficient) group consumption decisions.
14
In the second stage of the allocation process, each group member M (= A or B) decides on the optimal level of her/his own private consumption and the own contribution to the level of public goods, by maximizing her/his own utility U M (q M , Q) subject to a personalized budget constraint defined by the individual income. In doing so, the individual faces the price vectors p t and P t for her/his choice of private consumption q M t and public contribution Q M t . In addition, each individual receives a transfer from the other individual per unit of public good that she/he purchases. We denote these transfers for each public good k by σ There are at least two interpretations for these intra-group transfers related to public goods. First, one can see these transfers as voluntary contributions: as B benefits from the purchase of Q A t,k , it may be the case that she/he is willing to contribute to the purchase 14 In fact, Chiappori (1988 Chiappori ( , 1992 originally introduced this sharing rule concept for the model without public goods. In the literature on the cooperative model, a refinement of the concept that accounts for public goods is the so-called 'conditional' sharing rule. This concept captures how the group shares the income to be spent on private consumption for the given level of public consumption; see, for example, Blundell, Chiappori and Meghir (2005) for discussion. As such, this first step income distribution concept is not fully comparable to ours, which is not conditional on the level of public consumption. See also Cherchye, De Rock, Lewbel and Vermeulen (2015) for a more general sharing rule concept that accounts for public consumption under cooperative behavior, which is close in spirit to the sharing idea associated with the dual representation of our caring model. of this bundle. Next, one can also interpret them as representing an implicit tax that B has to pay for the benefit of receiving Q A t,k . Both interpretations express that intra-group transfers (i.e. a given specification of σ A t and σ B t ) refer to the degree of (voluntary or obligatory) cooperation within the group.
Summarizing, at each decision situation t, member A faces the following dual optimization problem (DOP-A):
Similarly, B solves (DOP-B):
It is easy to see that the two budget constraints add up to the group budget constraint at equilibrium (i.e.
Importantly, the noncooperative model under study does not explicitly consider caring preferences: in contrast to the model discussed in the previous section, the problems DOP-A and DOP-B do not include the caring functions W A and U B . However, as we will explain, our following concept of a group equilibrium with transfers accounts for caring preferences in an indirect way. 
Definition 2 An allocation {q
In this definition, an equilibrium allocation requires that each member M 's intra-group transfer related to public good k (σ
The factor of proportionality is giving by the index θ M t . Definition 2 establishes a direct link between the noncooperative model with caring introduced in the previous section (with problems OP-A and OP-B) and the two-stage allocation process discussed here (with problems DOP-A and DOP-B). In the previous section, we argued that the curvatures of the caring functions W 
Generally, a higher (lower) θ M t means that M is willing to cooperate more (less) with L.
Using Definition 2, we get the following first order conditions for DOP-A and DOP-B with respect to the public good k:
This condition is identical to the equilibrium condition in Proposition 1. However, the underlying interpretation is different, because we now start from the optimization problems DOP-A and DOP-B rather than OP-A and OP-B.
By considering θ A t and θ B t as capturing intra-group transfers, we can provide an intuitive equilibrium interpretation to the above equality condition. To see this, let us consider the two possible inequality situations. First, if
then the total amount that A is willing to spend for an additional unit of public good k (i.e. A's MWTP plus the fraction θ B t of B's MWTP) exceeds the price A has to pay (i.e. P t,k ). In this case, A will effectively increase her holdings of good k. A directly analogous interpretation applies to the situation,
And, thus,
then either A or B (whoever contributes positively to good k) will want to decrease her/his contribution to k. Again, this implies a disequilibrium situation.
We are now in a position to establish the dual equivalence result mentioned above. Specifically, the following proposition implies that the model with caring and the model with transfers are empirically indistinguishable.
Proposition 2 Let U
A and U B be a pair of utility functions. Then, the following holds for any decision situation t: 
Testable implications
So far we have focused on the theoretical properties of our model with caring (or, equivalently, with transfers). In this section, we show that the model has useful testable implications for empirical data. Specifically, we will focus on testable conditions in terms of revealed preferences. This revealed preference approach has been successfully applied for empirical analysis of group consumption models: Cherchye, De Rock and Vermeulen In the consumption literature, empirical studies usually build on a differential characterization (rather than a revealed preference characterization) of consumption models. The specific feature of this differential approach is that it focuses on properties of functions representing consumption behavior (e.g. cost, indirect utility and demand functions), whereas the revealed preference approach (only) uses a finite set of group consumption observations. 15 In this respect, Cherchye, Demuynck and De Rock (2011) point out that the revealed preference approach has some attractive features as compared to the more common differential approach for analyzing group consumption behavior. Most notably, contrary to existing results for the differential approach, the revealed preference characterization of the noncooperative model (without caring) is independent from (or non-nested with) the characterization of the cooperative model: a set of observations that satisfies the cooperative conditions does not necessarily satisfy the noncooperative conditions, and vice versa. More generally, this implies that models characterized by different degrees of intragroup cooperation (or caring) are independent of each other in terms of their revealed preference characterization. Clearly, this independence makes it interesting to compare the empirical validity of the different models. This is particularly relevant in the present context, as our empirical application in the next section will carry out such a comparison.
Revealed preference characterization. We start from a finite set T of observed decision situations (or 'observations'), i.e. S = {p t , P t , q t , Q t } t∈T . We remark that this implies minimal conditions on what is observed. In particular, we assume that at each observation t we only observe the price vectors p t and P t and the aggregate consumption bundles q t and Q t . Given our discussion in the previous sections, we consider the following definition of rationalizability.
Definition 3
Varian (1982) has shown that such a rationalizing utility function U exists if and only if the set Z satisfies the Generalized Axiom of Revealed Preference (GARP).
Definition 4 Consider a set
Next, x l 1 Rx l 2 if there exists a sequence r, . . . , t (with r, . . . , t ∈ L) such that
The set Z satisfies GARP if, for all
Using Definition 4, we can characterize a data set S that is rationalizable with caring.
Proposition 3 Consider a data set S = {p t , P t , q t , Q t } t∈T . The following conditions are equivalent:
1. The data set S = {p t , P t , q t , Q t } t∈T is rationalizable with caring.
2. For all decision situations t and public goods k there exist indices θ 
The explanation is as follows. The restriction S.1 requires the individual consumption bundles for the private goods to sum to the demanded group bundle of private goods. The restriction S.2 corresponds to the equilibrium condition for the public goods k in Proposition 1 (for a positive consumption of the public good k). Condition S.3 states that rationalizability implies a GARP condition at the level of individuals A and B, which corresponds to the existence of the individual utility functions U A and U B in Definition 3. The specificity of our model is that these GARP conditions use MWTP vectors (i.e. τ If observed behavior is consistent with our model with caring (i.e. the set S is rationalizable with caring), then a natural next question pertains to recovering/identifying structural features of the decision model that underlies the (rationalizable) observed consumption behavior. In our application, we will illustrate recovery/identification of values for θ that are consistent with a rationalization of a given set S. Given our discussion in the preceding sections, this value can be interpreted in terms of intra-group cooperation (or caring) that is revealed in the observed consumption behavior. Other recovery questions may pertain to the MWTP values τ at equilibrium (in terms of the model with transfers; see Definition 2). Generally, such recovery can start from the MIP methodology presented in this paper. In this respect, we can refer to Cherchye, De Rock and Vermeulen (2011), who consider these questions for the cooperative model; their analysis is directly extended to the noncooperative model with caring discussed here. These authors' basic argument is that revealed preference recovery on the basis of an MIP characterization of rational behavior boils down to defining feasible sets characterized by the MIP constraints.
As for recovery of the individual income shares, one important final remark pertains to restrictions S.4 and S.5 in Proposition 3. As we will explain below, these restrictions imply that the shares Y A t and Y B t that underlie observed (rationalizable) behavior are not identifiable in general. This contrasts with the cooperative case in which the withingroup income distribution (in general) can be identified from the observed set S. This identifiability result does not generally hold under noncooperative behavior with caring. As a matter of fact, this identifiability problem for our model actually parallels a similar problem for the noncooperative model without caring.
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To see the identifiability problem, we first note that the budget constraints in DOP-A and DOP-B imply
Thus, because of conditions S.4 and S.5 we obtain that Y On the other hand, as soon as there is one public good k to which both individuals contribute for some t, i.e.
it is impossible to exactly recover the income shares Y t that are consistent with a rationalization with caring of the given data set. These bounds then account for the total (nonassignable) expenditures on the jointly contributed public goods.
Model fit. The above conditions for rationalizable behavior imply 'exact' tests: data either satisfy the GARP requirements in Proposition 3 or not. In our empirical application, we will use an index to assess how closely behavior complies with rationalizability. This index will serve as a 'goodness-of-fit' measure that has a specific interpretation as capturing the 'economic significance' of violations of our rationalizability conditions. Specifically, the index calculates the minimal amount by which individual budget constraints must be shifted downward in order to remove all violations of the individual GARP conditions. In this sense, it is similar in spirit to the GARP-based goodness-of-fit measures that have been proposed by Afriat (1973) and Varian (1990 ; see also our discussion below). 19 To formally define our index, we use the following extension of Definition 4.
Definition 5 Consider a set Z = {w l , x l } l∈L and a set of non-negative numbers {c l } l∈L . For any
Conditional on {c l } l∈L , the set Z satisfies GARP if, for all
The adjusted revealed preference relation R D weakens the revealed preference relation R D (i.e. w l 1 x l 1 ≥ w l 1 x l 2 ) by allowing individuals to waste an amount of c l 1 of the budget. The usual GARP condition in Definition 4 complies with c l = 0 for all l ∈ L. Generally, higher values of c l imply weaker rationalizability restrictions.
For a given set Z, let f = l c l .
Then, our goodness-of-fit index f * equals the smallest value of f that makes the set Z satisfy the GARP condition in Definition 5. Intuitively, the index provides a measure of how much we have to perturb the budgets to satisfy the revealed preference restrictions.
As a final note, we point out the formal analogy between our goodness-of-fit index and the index proposed by Varian (1990) . Instead of using the revealed preference relation R D in Definition 5, Varian's index is based on an adjusted relation R D such that
where each factor e l is a number between 0 and 1. The relation R D coincides with Varian's relation R D if we define c l 1 = e l 1 w l 1 x l 1 .
Essentially, our index evaluates goodness-of-fit in terms of absolute budget shifts, while Varian's index uses relative shifts. Our main motivation to focus on absolute (and not relative) shifts is of a computational nature. For the rationalizability conditions in Proposition 3, using our (absolute) index f * obtains a mix integer programming (MIP) problem that is linear in unknowns (see Appendix C). By contrast, using a Varian-type (relative) index implies constraints that are quadractic in unknowns, which are substantially more complex to handle. 20 In this respect, it is worth remarking that in our following application the budget levels are held constant over all decision situations. In this specific setting, the use of absolute versus relative budget shifts is obviously irrelevant for comparing these shifts over decision situations. . Because observational data on joint decisions made by children are typically not available, we make use of a laboratory experiment that is specially tailored to obtain the data needed for our revealed preference methodology.
Application: joint decisions of children
As we explain in more detail below, our following empirical exercise uses an experimental design that is closely similar to the one of Bruyneel, Cherchye, Cosaert, De Rock and Dewitte (2017). A main difference with this earlier study is that our current design uses consumption bundles that contain a public good. This makes it possible to empirically distinguish between models with different degrees of caring on the basis of our characterization in Proposition 3. In addition, an advantage of our experimental design is that we not only observe joint choices of the children dyads but also the children's individual choices. This gives us additional identifying information on the individual preferences, which benefits our testing analysis as well as our recovery results on the degree of within-dyad cooperation.
After presenting our sample and the specificities of our experimental design, we will first demonstrate that the noncooperative model with caring effectively does provide an empirically relevant extension of the fully cooperative and noncooperative (without caring) models. In particular, our caring model will achieve a better 'goodness-of-fit' than these other models. Second, we will show that we can informatively (set) identify the degree of caring for individual dyads by using our revealed preference methodology. We obtain upper and lower bounds on the caring parameter that are very tight (close to point identification) To facilitate the following discussion, we will focus on the caring model with the degree of intra-dyad cooperation held constant over all observed decision situations, i.e. we consider θ J t = θ J for all t and J ∈ {A, B}. The underlying assumption is that the degree of intra-dyad cooperation does not change over the observations. In this respect, we recall that the fully cooperative model and the noncooperative model without caring correspond to θ A = θ B = 1 and θ A = θ B = 0, respectively. Furthermore, because we found that allowing for variation in caring across dyad members does not increase the fit of the caring model (results available upon request), we will abstract from intra-dyad variation in caring, i.e. we use θ A = θ B = θ. In other words, we will specifically focus on dyad-level degrees of cooperation; we will then also relate these dyad-level estimates of θ to observed dyad characteristics.
Sample and experimental design. We collected our data on children's consumption choices in two different schools in Belgium among three age categories: kindergarten level, third grade and sixth grade. Dropping children with misreported values (18 in total) leads to a sample of 122 participants. The final sample consists of 50 kindergarten children (5-6 years old), 36 third graders (8-9 years old) and 36 sixth graders (11-12 years old). The children were randomly teamed up in pairs conditional on these age brackets. This guarantees sufficient variation in the level of friendship between group members. We also collected information on children's social skills and assertiveness (scale from 1-10) and whether the children in the dyad interacted a lot in the school environment (dummy). This information was obtained from teacher-based assessments. We show summary statistics of these covariates in Table 1 .
As indicated above, our experimental design mainly follows the one of Bruyneel, Cherchye, Cosaert, De Rock and Dewitte (2017). Therefore we only briefly summarize our set-up below, and we refer to these authors for more details on the choice sets, experimental instructions and survey questions. We invited the dyads to jointly choose a se-movie mandarins biscuits 16  4  1  16  3  2  18  3  1  2  8  4  4  8  3  2  9  3  8  1  8  6  2  8  6 1 9 Table 2 : Implicit prices for the various choice problems.
ries of consumption bundles composed of three non-durable commodities: time to watch movies, mandarins and letter biscuits. The children are faced with nine different choice sets containing seven alternatives. Each choice set corresponds to a unique combination of (implicit) prices (reported in Table 2 ) and a fixed budget of 24. Following the argument of Harbaugh, Krause and Berry (2001), the discrete nature of the choice sets considerably simplifies the decision problems faced by the children. Each choice set contains three bundles in which the total (implicit) budget is allocated to a single commodity, three bundles in which the budget is spent on two of the three commodities, and one bundle with strictly positive amounts of all three commodities. The children within each dyad are also asked to distribute the mandarins and letter biscuits from the jointly selected bundle among each other, which allows us to perfectly observe the allocation of these goods to each individual member. Strictly speaking, this extra information is not needed to implement our revealed preference conditions. However, it does add considerable empirical bite to our analysis. Finally, the children are clearly informed that they will receive one of their choices at the end of the experiment, which is meant to incentivize them to truly reveal their preferences. Next, we want to emphasize two specific features of our design, which directly relate to the research question that we study here. A first specificity is that we let children choose between units of movie watching (5 minutes per unit), units of mandarins (12.5 gram per unit) and letter biscuits (5 gram per unit). The first good gives the children the possibility to jointly watch part of a popular Belgian TV series. 21 Clearly, watching movies is non-rivalrous and non-exclusive within a given dyad, which makes this a public good. This contrasts with Bruyneel, Cherchye, Cosaert, De Rock and Dewitte (2017), who used grapes instead of movies for the first good, so that all goods were private by construction. Table 2 presents the implicit prices of the goods that we used in each of our nine choice regimes.
The second specific feature of our design is that we not only let the children choose jointly but also individually. More specifically, prior to making the joint decision, the children were invited to make nine individual choices. Table 3 : Budget shares chosen in the joint and invidual experiments, and the associated difference in budget share spent on movies choice sets as in joint decision problems (explained above) except that the (implicit) price of the public good and the individual's (implicit) budgets were halved. These modifications guarantee that, in principle, each child could select exactly the same bundles as in the joint choice problems. An important advantage of combining choices of the same child from the individual and joint choice settings is that it substantially improves the empirical bite of the revealed preference methods. In the individual choice setting, watching film is a private good. Therefore, in this case, the marginal willingness to pay for the film equals the known (implicit) price. For the joint choice problems, individual marginal willingness to pay for the public good, i.e. τ A t and τ B t , are unknown but need to satisfy the condition specified in Proposition 3. Under the assumption that each child's preferences remain the same in the individual and joint choice settings, we can use the observed individual choices to improve the bounds on τ A t and τ B t . This in turn enhances the discriminatory power of our revealed preference tests and the identification of the caring parameter θ. Table 3 presents summary statistics of the observed budget shares. Average budget shares in the joint choice experiment vary between 0.231 and 0.443. This indicates that all goods were sufficiently attractive. The mean budget shares for the individual choices are very similar. The bottom line of Table 3 gives summary statistics for the difference between the budget share allocated to film for the individual and joint choice settings. While this difference is fairly small on average, it goes up to no less than 36 percentage points for at least one dyad.
Model fit. We start by testing the revealed preference restrictions of the caring model. For alternative specifications of the caring parameter θ, we evaluate the fit of the associated joint consumption model by computing our goodness-of-fit index f * for every distinct dyad.
To recall, a lower value for f * indicates a better fit of the observed behavior with the model's assumptions. In Appendix C, we explain our method to compute our index based on the rationalizability conditions in Proposition 3, while accounting for the particularities of our empirical application.
As explained above, the noncooperative model with caring nests the fully cooperative and fully noncooperative (without caring) models. The relevance of the former model thus depends on the extent to which it allows us to better explain the observed choice behavior. Let f * caring , f * coop and f * noncoop represent the value of the indices conditional on whether θ ∈ [0, 1] (i.e. caring model), θ = 1 (i.e. cooperative model) or θ = 0 (i.e. noncooperative model), respectively. Table 4 presents summary statistics on the distribution of these three indices. For the full sample of 61 dyads, the mean index values are 5.50, 5.88 and 6.04 respectively. Given the construction of our goodness-of-fit measure (explained in Appendix C), these values can be interpreted as the dyads' total budget waste summed over their different choice experiments. The total available budget over all these choice problems equals 432 (i.e. 2 · 9 · 24). As our mean values for f * caring , f * coop and f * noncoop are small relative to this total budget, we may conclude that all three models fit the data fairly well at the overall sample level.
To further motivate this conclusion, we simulate random data sets by uniformly drawing 1000 bundles from the respective choice sets. For this simulated random choice behavior, we obtain average values for f * caring = 25.55, f * coop = 26.35 and f * noncoop = 26.23, which are substantially above the averages that are reported in Table 4 . Perhaps even more striking, the 10-th percentiles of f * caring , f * coop and f * noncoop for random data sets (8.79, 9.29 and 9.62 respectively) are still above the mean (and median) values reported in Table 4 .
Importantly, Table 4 reveals that the caring model generally provides a better empirical fit of the observed dyads' choice behavior than the fully cooperative and noncooperative models. The question remains whether these differences are statistically significant. To investigate this, we conduct the Wilcoxon matched-pairs signed-ranks test and the Sign test of matched pairs. The first test checks the hypothesis that the distributions of f * caring , f * coop and f * noncoop are the same, while the second test verifies the hypothesis of equal median values. Interestingly, both tests support the same conclusions. First, we can reject the hypotheses that distributions and medians are the same for f * caring and f * coop as well for f * caring and f * noncoop (both p-values are below 0.0001). By contrast, we are unable to reject the hypotheses of equal distributions and medians for f * coop and f * noncoop (the p-value for Wilcoxon test is 0.890 and the p-value for the Sign test is 0.766), which signals that the noncooperative model does not significantly outperform the cooperative model or vice versa. In our opinion, these results clearly motivate the empirical relevance of our newly proposed caring model in terms of explaining the observed group consumption behavior.
Identifying the degree of caring. By using the revealed preference restrictions outlined in Section 4, we can identify upper and lower bounds on the caring parameter θ that are consistent with rationalizing the observed choice behavior. This effectively obtains 'set' identification (to be contrasted with more standard 'point' identification) of this parameter. Such set identification is standard in revealed preference analysis. 22 More specifically, for each dyad we obtain the lower bound θ lb on the caring parameter by minimizing θ subject to the rationalizability restrictions in Proposition 3, while fixing our index f * caring at its value computed above. Analogously, we compute the upper bound θ ub by maximizing θ subject to the same restrictions. Table 5 presents summary statistics for θ lb , θ ub and the midpoint of the interval [θ lb , θ ub ], denoted by θ. We find that the average lower bound is 0.211, which is substantially above the zero value that applies to the noncooperative model without caring. Similarly, the average upper bound equals 0.820, which is significantly below the value of unity that holds for the fully cooperative model. Further, we observe that the average value of θ amounts to 0.515. These results again show the value added of our caring model relative to the cooperative and noncooperative models in terms of explaining the observed dyad behavior. In addition, the standard deviations and the minimum and maximum values that are reported in Table 5 suggest quite some variation in the degree of caring across dyads. In this respect we also note that the minimal upper bound equals zero and the maximal lower bound equals one.
Next, Table 6 provides a summary of the distribution of ∆ = θ ub − θ lb over the 61 dyads. We obtain θ ub ≈ θ lb for 14 dyads, which shows that the identification can be very precise (i.e. close to point identification). On the other hand, for 26 of the 61 dyads, we get ∆ = 1, which corresponds to θ lb = 0 and θ ub = 1. For these dyads, our rationalizability restrictions do not reveal specific information on the value of θ.
As a final exercise, we link the identified variation in the caring parameter to observed dyad characteristics. In our regressions, we use the maximum degree of caring (θ ub ) as Table 6 : Distribution of ∆ = θ ub − θ lb dependent variable. Our motivation is two-fold. First, the value of θ ub varies substantially over our sample of dyads, which obviously is useful for an informative explanatory analysis. Second, and more importantly, the upper bound θ ub has an intuitive interpretation as quantifying the minimum deviation from the fully cooperative model that is required to rationalize the observed dyad behavior. Given its popularity in the applied literature on group/household consumption, this cooperative model constitutes a natural benchmark model of group behavior. This makes it particularly interesting to empirically investigate which dyad characteristics correspond to more or less behavioral consistency with the model (captured by θ ub ). We include seven dyad characteristics as covariates in our regressions: a dummy for third grade, a dummy for sixth grade, a dummy indicating whether the dyad members interact strongly in the daily school environment, two teacher-based measures of social skills and assertiveness, and two gender covariates showing whether the dyad is mixed or consists of two females. Due to missing observations on some of these covariates, we had to remove 3 dyads in our regressions, yielding a sample with 58 dyads. Table 7 presents our results. In the first regression specification, we include all dyads of our sample, thus also the ones with high levels of f * caring (i.e. low goodness-of-fit). The first two columns of Table 7 report our findings from a simple OLS regression and, respectively, Papke and Wooldridge (1996)'s quasi-maximum likelihood estimation procedure for fractional response data (which accounts for θ ub situated between 0 and 1 with many observations equal to 0 or 1). Even though our sample size is small, we do observe that the dummy for interaction is strongly significant (at the 5% level), while our measure of assertiveness is borderline significant in the OLS regression. The regressions do not show an (additional) significant effect of our social skills measure.
As a robustness check, we also consider a second specification, for which we exclude the 6 dyads of which the value for f * caring is situated above the 90-th percentile for our sample. The value of this 90-th percentile equals 18, which is about 4.2 percent of a dyad's total available budget (= 432, as explained above). Thus, in terms of our goodness-of-fit measure, the behavior of the selected 52 dyads is reasonably close to that predicted by the caring model, as low levels of f * signal a high degree of consistency with the caring model. The results of these additional regressions are given in the third and fourth columns of strongly interact have a larger value of the caring parameter θ ub . Also, the OLS regression indicates that the coefficient for assertiveness is positively related to the estimate of θ ub . Dyads with more assertive members may be more inclined to share information on their preferences and may also be more eager to interact in order to reach a more cooperative solution. The finding that more assertive and interacting dyads behave more cooperatively confirms our prior intuition. In our opinion, these findings provide additional validation to the empirical usefulness of our caring model and our proposed measure for the degree of cooperation.
Conclusion
We have presented a model for analyzing group consumption behavior that simultaneously accounts for caring preferences and noncooperative behavior. Interestingly, by varying the degree of intra-group caring, the model encompasses a whole continuum of consumption models situated between the fully cooperative model (assuming a Pareto efficient outcome) and the noncooperative model without caring (assuming a public good game with voluntary contributions). Attractively, our newly proposed model also allowed us to define a measure for the degree of intra-group cooperation, which quantifies how close the observed group behavior is to the fully cooperative benchmark. Following a revealed preference approach, we derived the testable implications of the model for empirical data.
We demonstrated the empirical relevance of our theoretical model through an empirical application to consumption choices made by dyads of children. We found that our new caring model provided a better fit of the data compared to the fully cooperative and noncooperative models. Next, we showed that we can informatively identify the degree of intra-group caring by using our nonparametric revealed preference methodology. Our results suggest that cooperation varies considerably across dyads, and that the degree of cooperation is often situated strictly between the extreme cases of full cooperation and noncooperation without any caring. We also found that our measure of cooperation is positively correlated with assertiveness and the degree of interaction within dyads.
We believe that these empirical results validate the practical usefulness of our consumption model to investigate cooperation in group consumption, as well as its defining characteristics. While we used experimental data in the current study, our revealed preference methodology can also be used in combination with observational data. For example, an interesting application may identify the degree of cooperation in household consumption, and relate inter-household heterogeneity to specific household (member) characteristics. In this respect, we can also refer to Vermeulen (2009, 2011 ) and Cherchye, Demuynck and De Rock (2011) for empirical studies of household consumption behavior that make use of revealed preference methods similar to ours.
A Proofs

A.1 Proof of Proposition 1
The first order conditions for OP-A and OP-B with respect to the numeraire (i.e. the first private good) and public goods k are
27 with λ A t and λ B t the Lagrange multipliers of the respective budget constraints. We start from the following observations:
• Either (1) or (2) must hold with equality. This follows from the fact that q A t,1 is strictly positive.
• Either (3) or (4) must hold with equality. This follows from the fact that q B t,1 is strictly positive.
• Either (5) or (6) must hold with equality. This follows from the fact that Q t,k is strictly positive.
• Not both (1) and (4) have strict inequality.
Proof. We prove ad absurdum. Suppose both (1) and (4) hold with strict inequality, then by the first two observations above, it must be that (2) and (3) hold with equality. Then, dividing condition (1) by (2) gives:
, while dividing (3) by (4) gives:
These two inequalities impose that:
This contradicts Assumption SC.
The above reasoning gives us three possible cases: (i) both (1) and (3) hold with equality, (ii) both (1) and (4) hold with equality, (iii) both (2) and (4) hold with equality.
Case (i) In this case, equation (5) can be rewritten as
Further, we have that,
The inequality in (8) follows from using conditions (2) and (4). The inequality in (9) follows from (7). As one of the two conditions (5) or (6) must hold with equality, we have that that τ
, Q t ) = P t,k . As k was arbitrary, this holds for every public good. Setting θ Case (ii) For this case, we can rewrite conditions (5) and (6) as:
and,
As one of these two conditions must hold with equality, we have that:
where
The inequality in (11) follows from dividing condition (2) by (1) while the inequality in (12) follows from dividing condition (3) by (4).
Case(iii)
This case is analogous to case (i).
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A. } is a household equilibrium with transfers. Let us first focus on individual A. For the proof, we will again distinguish three cases, identical to the cases used in the proof of Proposition 1.
Before we begin, consider the first order condition for A and B with respect to the nth private good for A (i.e. the quantities q A,A t,n and q B,A t,n ):
Lemma 1 If case (i) or (ii) holds and q A t,n > 0, then (13) holds with equality for all private goods s at equilibrium. On the other hand if case (iii) holds and q A t,n > 0, then (14) holds with equality for all private goods n at equilibrium. 
Proof. Assume that either case (i) or (ii) holds and that ∂W
Towards a contradiction, let us consider an allocation (q A , Q A ) such that
and, 
The first inequality follows from Lemma 1 and the fact that condition (5) must hold with equality for case (i). The second inequality follows from the budget constraint and gives us the desired contradiction.
Case (ii) In this case, we define θ (11) and (12) and we define
Now, assume towards a contradiction that there exist an allocation (q A , Q A ) such that
Then, by concavity of U A , we have that:
Again, we have a contradiction.
Case (iii) For this last case, we define θ 
Assume, on the contrary, that there exist an allocation (q A , Q A ) such that
Again, by concavity of U A , we have that:
The equality follows from Lemma (1) and the fact that condition (6) must hold with equality for case (iii). This concludes the proof for individual A. The proof for individual B is analogous.
A.2.2 Proof of statement 2
Now assume that for each decision situation t there exist indices θ 
This gives,
The first inequality follows from concavity of the functions U A and U B . The first equality follows from the first order conditions of programs DOP-A and DOP-B for the private goods. The second inequality follows from the fact that θ B t ≤ 1, the first order conditions of DOP-A for the public goods and the fact that τ
A.3 Proof of Proposition 3
1⇒2. The data set S = {p t , P t , q t , Q t } t∈T is rationalizable with caring. Because of Proposition 2, we have for any decision situation t that the household allocation solves DOP-A and DOP-B. As before, let U 
To see that this obtains S.3, we make use of the Afriat Theorem (see Afriat (1967) and Varian (1982) ). Specifically, the inequalities in (15)- (16) Varian (1982) . We need to show that the functions U A and U B provide a rationalization of the data set. For brevity, we only provide the argument for U A , but a straightforwardly analogous reasoning applies to U B . For all t ∈ T, define Q Then, we have to prove that U A (q A , Q) ≤ U A (q A t , Q t ). To obtain this result, we first note that, by construction, τ 
B Mixed integer programming characterization
In this appendix, we reformulate the conditions in Proposition 3 in mixed integer programming (MIP) terms. To obtain this MIP formulation, we define the binary variables x 
and, for individual A,
(1 − x A t,s )C s ≥ p s (q 
p s (q 
and, for individual B,
with C t a given number for which C t > P t,k and C t > Y t for all t, k.
Conditions (25)- (32) are direct translations of conditions (17)- (24), but now taking into account the goodness-of-fit specification in Definition 5 and implementing the restriction θ A = θ B = θ (which we use in our experimental application). Conditions (33)- (40) impose revealed preference consistency conditions between the joint and individual choices. In particular, they imposes WARP (Weak Axiom of Revealed Preference) restrictions across the two choice sets: if a choice from the single choice environment is revealed preferred over a choice from the joint decision environment, then this joint choice is not also revealed preferred over the individual choice (and vice versa).
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This optimization problem is solved with θ = 1 to compute f * coop , with θ = 0 to compute f * noncoop , and by conducting a grid search for θ ∈ [0, 1] to compute f * caring . In our empirical application, we obtain identification of [θ lb , θ ub ] by taking the values of θ from this grid that yield the smallest objective function value (i.e. the best empirical fit).
